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Literature Research: Topic

● I researched the effects of soil on human health.
● Specifically, I was interested in nanoparticles that reside in soil and how they affect
humans as well as crops that are planted in the soil.
● This topic is relevant because nanoparticles can be used to deliver drugs for doctors,
create specific properties for material scientists, sensors for the military, and in a plethora
of other fields (“What Are Nanoparticles? Definition, Size, Uses and Properties.”).

What are nanoparticles?

● Nanoparticles are particles less than 100 nanometers in size.
● Nanoparticles have been used more in industry, such as in crop fertilizers.
○

Nanoparticles are advantageous because they are so small that they can permeate
spaces otherwise impassable in proteins.

● Nanoparticles can contaminate soil when they are spilled and then leak into the soil.

(Rajput 137-139)

The Effects of Nanoparticles

● Nanoparticles can go up the food chain through the soil into plants and then humans.
● Nanoparticles are a radical, meaning they can easily bond to form structures that can be
dangerous, and they can modify small structures within an organism.
● Past studies have shown damage to the lungs and brain in other animals from
nanoparticles.
○

These nanoparticles are new, so there is no natural immunity in organisms.

● The effects of nanoparticles on soil largely depends on the soil’s properties, including pH
and bacterial levels (Ben-Moshe 641).
(Rajput 139-141)

Literature Research: Experiment

● Researchers sought to determine the effects of the CuO and Fe3 O4 nanoparticles on a soil
sample
○

Two soil types, Bet Dagan and Rendzina soil, were split into a control group, a
group with CuO nanoparticles applied, and a group with Fe3 O4 nanoparticles
applied.

● The soils were dried, mixed with nanoparticles, injected with water, and dried again.
● Various techniques were used to analyze the physical and chemical properties of the soils
against the controls.

(Ben-Moshe 640-642)

Literature Research: Results
● The more nanoparticles that were added to the soil, the less
nanoparticles were washed out after the water flush of the soil,
probably due to nanoparticles binding to the grains of the soil.
● Porosity was not affected by the addition of the nanoparticles which
bound to the grains.
● Fluorescence and bacteria culture decreased when nanoparticles were
added, indicating the soils had worse organic health.
● The CuO nanoparticle was more toxic than the Fe3 O4 nanoparticle.
● Macroscopic properties were largely unaffected.

(Ben-Moshe 641-646)

Literature Research: Further Study

● The experiment performed only had a small scope of a couple of soil types and a couple of
nanoparticles, so more experiments could be done with different types of nanoparticles.
● The amount of nanoparticles applied to the soils may not have been enough to render a
macroscopic property change.
○

However, in the natural environment, any more nanoparticles than artificially
added in this experiment would not be likely.

(Ben-Moshe 645-646)

Experimental Research: Introduction
Soils Compared:

Soy Starter
Soy fertilized directly when planted
(seed application)

Soy Foliar
Soy fertilized on leaves after the
plant is more developed (foliar
application)

● Initial hypothesis: I expect soy starter to have more nutrients, absorb more water, and be
less coarse than the soil not fertilized until later since it was fertilized as a seed, and the soil
had more time to absorb the nutrients from the fertilizer.

Experiment: Soil Sampling
Lab
Description
Soy Starter

Soils were extracted and
compared qualitatively.

Results
•

•

•

Soils are similar in
color and visible
properties.
Soy starter soil was
harder and more
difficult to dig.
Soy foliar appeared
darker in color and
had more minerals,

Soy Foliar

Experiment: Cotton Test
Description:
Soy Starter

The qualitative effects of
decomposition of an organic sample
were analyzed for both soil samples.

Soy Foliar

Results
•

Both samples showed signs
of decay acting on the cloth.
•

•

The samples were
comparative in appearance.

Soy foliar had less tensile
strength than soy starter,
which indicates more
organic activity.
•

Soy foliar is considered the
healthier soil in this regard.

Experiment: Sieving Lab

Description
Soil samples were divided into
three categories: <2mm, 26.4mm, and >6.4mm.

Results
•
•
•

Both soils had fine <2mm fraction
which felt like sand.
After being air dried, soy foliar
was slightly darker in color still.
Both soils had comparable
textures and comparable
amounts of each fraction.

Experiment: Soil Texture
and pH/EC Lab
Description
The composition of sand, silt,
and clay were determined for
each sample. Additionally, the
pH and electrical conductivity
of each sample was measured.

Results
•

Soy starter is clay loam,
while soy foliar is silty clay
loam.

•
•

Soy starter:
pH: 7.90
EC: 0.52 mS
Soy foliar:
pH: 7.55
EC: 0.52 mS

Soy starter has more
sand and less clay and
silt than soy foliar.
Classmates using soy
start and foliar had
similar results, but some
people had silty clay
loam or clay loam. There
was some variance
among all results.

•

The pH/EC results indicate that
foliar is the healthier soil because
overall a lower EC and a higher EC
results in a healthier soil (because
of the higher cation exchange
capacity).

•

•

The class pH average was 7.38 and
7.80 for soy starter and soy foliar,
respectively, which is close to my
findings. Only two students had a
pH reading for soy starter, so
further investigation would be
necessary.
The class EC average was 0.224 mS
and 0.153 mS for starter and foliar,
respectively. This is lower than my
findings, so the EC meter may have
been miscalibrated.

Experiment: K Analysis Lab
Description
The concentration of
potassium was determined for
each soil by nebulizing a soil
sample and combusted, and
the amount of potassium was
measured using its wavelength
in an emission spectrum.

Results
•

Soy starter has about double the
concentration of potassium that that of
soy foliar.

•

•

acre

The soy starter is in the above optimum
range while the soy foliar is in the
optimum range.

•
•

lbs
acre
lbs
acre

Soy starter [K]: 484
Soy foliar [K]: 270.

lbs

The soy starter average was 717
,
acre
and the soy foliar average was 3240
lbs
, which are even further apart.

This indicated that soy foliar is
healthier in this aspect of soil health.
The class had similar results to mine
of “optimum” and “above optimum”
for soy starter and soy foliar,
repectively.

Experiment: P Analysis Lab
Description

Results

The concentration of
phosphorus was determined
for each sample using a UV-Vis
spectrophotometer.

•

•

Absorbance (AU)

concentration (ppm) vs absorbance (AU)
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Concentration (ppm)

Soy
Soy

The amount of Phosphorus is
too high in each soil and is in
the “very high” or “high”
category, so the soils should not
be fertilized as much with P2 O5 .

lbs
starter [P]: 90.6
acre
lbs
foliar [P]: 58.0
acre

5

6

7

The class had a lot of
variation, but the average for
lbs
each was “very high” (112 acre
lbs
and 85.3 acre
).

The soy starter had soil that was
higher in concentration of
phosphorus than soy foliar,
indicating that it is the less
healthy soil.

•

This is consistent with the
class average for those soils
(“very high”).

Experiment: Slake Test
Description
Slaking was used to qualitatively measure the
aggregate stability of each soil

Results
•
•

Both soils were affected by the slaking
significantly.
Soy foliar fragmented much easier than soy
starter and was very cloudy.
•

Soy foliar’s soil will be more susceptible runoff
and erosion.

•

Soy foliar’s soil will not let water and air
permeate as easily.

•

These results indicate that soy starter is
healthier than soy foliar.

Experiment: POXC Experimental
Description
•

The amount of organic
matter in the soil samples
will be determined by
finding the reactive
permanganate oxidizable
carbon (POXC) by adding
KMnO4 to oxidize the POXC.

Results
•

The soy foliar sample had a
higher absorbance than soy
starter.

•
•
•
•

The more intense the pink
color is, the more unreacted
KMnO4 is left, so the less
POXC.
Thus, soy foliar has less POXC
than soy starter.
This indicates a less
biologically healthy soil.
This is contrary to previous lab
results, which found that soy
foliar is healthier than soy
starter

Experiment: POXC
Calculations
Results

Description
•

The amount of reactive
carbon in terms of POXC
was determined from the
calculations in the POXC
Experimental lab.

•

Soy starter had a much higher POXC level,
indicating a higher level of soil organic
matter.

•
•

•

This indicates that soy starter is more
biologically healthy.
However, it is possible the soy starter has a
level of SOM that is too high for optimum
growth.

The class average (median) was 573
soy starter and 109.5

𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚
𝑘𝑘𝑘𝑘 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚
𝑘𝑘𝑘𝑘 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

for

for soy foliar. I used

the medians because there were a lot of
extreme outliers, probably due to inaccurate
calculations.
𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚
: 512
𝑘𝑘𝑘𝑘 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚
: 107
𝑘𝑘𝑘𝑘 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

Soy starter
Soy foliar

Experiment: Microbial Activity Titration Lab
Description
The microbial activity for each soil sample
was determined based on the amount of
CO2 emitted from the soils.

•

Results

•

Soy foliar had a higher microbial activity
level.

•

The class average for soy foliar was also
higher than the class average for soy
mgCO2
mgCO2
starter (226
vs 66.47
).

•

mgCO2
: 35.5
kg soil ∗ day
mgCO2
: 50.5
kg soil ∗ day

Soy starter
Soy foliar

kg soil ∗ day

kg soil ∗ day

This indicated that soy foliar is the
healthier soil, which is consistent with
the majority of my prior findings.

Experimental Research: Conclusions

● Overall, soy foliar appears to be the healthier soil that soy starter
● This is contrary to my initial hypothesis that soy starter would be healthier since it got a
more direct application of fertilizer
● These results can be attributed to over-fertilizing (as determined in the P and K analyses),
and this made the foliar application more favorable because the plants didn’t need as
much fertilizer as they were given.

Experimental Research: Error Analysis

Cotton Test

• Soils did not have equal moisture levels. Both were moistened until they appeared dark,
but the samples were not properly dried and then injected with equal amount of water.

Sieving Lab

• Cross-contamination for the soils may have occurred because the liners and mortar and
pestle were not thoroughly cleaned between uses.

Soil Texture
and pH/EC Lab

• Some of the soil + water mixture clung to the lid and the containers when the soil was
mixed, resulting in a not perfect concentration for the suspended soil.
• For the pH and EC portion, ~10g of soil was used instead of ~20g (proportions were kept
the same), so the margin or error is greater for the pH and EC measurements.

SmartArt. PowerPoint, Microsoft 365 Apps for
Enterprise, build 16.0.15726.20188, Microsoft, 2022.

Experimental Research: Error Analysis (Continued)

K Analysis

• The idealized 1g/10mL ratio for the soil to Melich-3 solution was not exact.

P Analysis

• The room temperature was 20.5°C, and the temperature should be between 24-27°C for the
extracting solution.

POXC
Experimental
Microbial
Activity

• The standards were not cleaned and rinse between measurements, so the standards will be
measured slightly diluted.
• The pipet may not have been fully cleaned between each pipetting. It was rinse 6 times each (3
in initial, 3 in final rinse), but some 𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾4 may not have been neutralized.
• I used a smaller mason jar than the class and the control, leading my calculated amount of 𝐶𝐶𝑂𝑂2
emitted to be less than the class average. However, this is okay for comparing between my two
soils since they both used the same size jar.

SmartArt. PowerPoint, Microsoft 365 Apps for
Enterprise, build 16.0.15726.20188, Microsoft, 2022.

Experimental Research: Future Discussion

● Overall, the errors from the labs were pretty negligible. I don’t think any are in need of
being repeated. Most of the errors were consistently applied to both samples, so it
shouldn’t affect the results from comparing the two to each other.
● Further research could ensure a controlled (equal) amount of fertilizer is applied to the soy
starter and soy foliar groups. These results could also be better confirmed by multiple trials
or soil samples at different depths and locations within the crop.
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